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Abstract 
The present study aimed at investigating the underlying cognitive process of writing by 
identifying the size of basic unit in writing of school age-children across grades. Consequently, 
the functional architecture of the spelling process in Chinese can be examined. It was 
hypothesis that the orthographic representation in the spelling process is hierarchical. The 
hypothesis was testified by two experiments, delayed copying task and writing to dictation 
task. Data were collected from 426 participants from grade one to grade four The results 
showed that there was a significant logographeme number effect across grades, comparable to 
the word length effect measured by letters in English. Meanwhile, there was also a notable 
developmental change of the size of processing unit across grades. A hierarchical orthographic 
representation in the buffer-like component was found. It was concluded that logographemes 
existed as a psychological entity in Chinese writing process and the hierarchical orthographic 
representation occurred in the functional architecture of the writing process.  
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Introduction 
The slip of the pen errors at letter-level were reported in English (Badecker, Hillis & 
Caramazza, 1990). For example, ‘block’ can be wrongly written to ‘blcok’, with a letter 
transposition error. Similarly, the slip of the pen errors within characters may also be found in 
Chinese-writing people. For example, ‘想’ (soeng2 ‘to think’) may be wrongly produced as 
‘ ’ (a non-word without sound and meaning); a transposition error within character at 
logographeme-level (Law & Leung, 2000). As the incorrect outputs are always phonemically 
implausible novel words, it is difficult to explain the reported slip of pen errors using the 
process of reading.  
Many empirical findings proposed a strong relationship between reading and writing 
which is a reading-through-writing hypothesis (Tan, Spinks, Eden, Perfetti & Siok, 2005). 
However, a recent case study also provided a counter example to this hypothesis and 
concluded that reading does not depend on writing, even in a logographic language, Chinese 
(Bi, Han & Zhang, 2009). In the study, a Chinese individual who had severe impairment in the 
whole process of writing but intact ability in reading was found. In order words, the writing 
and reading abilities can be disassociated and independent. Ellis and Young (1988) suggested 
that writing is ‘a system of visual communication’ (p.187) in which the spoken language is 
represented by written output. Therefore, it is worthy to utilize a peripheral process (i.e. 
writing) as a tool for investigating the underlying cognitive process for the slip of pen errors.  
An overarching question is the size of the basic unit in the cognitive process is and 
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whether the functional architecture of a logographic script (such as Chinese) differs from 
alphabetic script (such as English) in cognitive process.  
Literature Review 
According to Caramazza, Micheli, Villa & Roman (1987), spelling process is constructed 
by a series of processing subcomponents (shown as Figure I). This model is supported by 
evidence from neuropsychological studies of the brain-damaged subjects with impaired 
language performance. They suggested two major stages in spelling process: first, the process 
of production of a graphemic representation, and second, the use of the computed graphemic 
representation to generate the further proper graphomotor processes for spelling in oral or 
written form (Caramazza et al., 1987). Spelling normally involves an activation of stored 
orthographic representation from the semantic system. The processing model can be divided 
into the lexical processing and post-lexical processing parts. After an orthographic 
representation has been selected, the information is assumed to be held temporarily in an 
amodal buffer awaiting further processing. The lexical processing is any process before the 
graphemic buffer and the post-lexical processing are the process in the graphemic buffer and 
any process afterwards. Caramazza et al. (1987) argued that an abstract graphemic 
representation should be assumed in the model so as to explain the existence of the mentioned 
slip of the pen errors in different language. As phonological-implausible novel words were 
produced, the errors could not be attributed to any process in lexical processing. Thus, a 
component (graphemic output buffer) associated with abstract graphemic representation 
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should exist in post-lexical processing. Badecker, Hillis & Caramazza (1990) also suggested 
that the graphemic output buffer is a working memory system which stores an abstract 
graphemic representation of a word.  
 
Figure I.  A model of spelling process in alphabetic language (Adapted from Caramazza et al., 1987) 
In order to consider the processing model, the identification of the basic unit in the 
information processing model was extremely important. Graphemes (or letters) are considered 
to be the basic processing units of alphabetic script like English. As letters are the smallest 
processing unit in alphabetic languages, it is expected that errors occur in the form of 
substitutions, insertions, deletions or transpositions of letters (Caramazza et al., 1987) should 
be found. Since phonemically implausible novel words were produced, the explanation of 
using a buffer component is necessary (Hills and Caramazza, 1989). For example, a 
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transposition error was that ‘length’ was wrongly produced to ‘lenght’, a phonemically 
implausible novel word cannot be accounted for the process in the lexical processing. This 
demonstrated that the graphemic representation of the word ‘length’ may be held in a buffer 
component before the execution of the following output processes thus the generation of letter 
‘h’ precedes the generation of letter ‘t’ causing the spelling transposition error. This 
transposition error spotted in the slip of pen phenomenon demonstrated an error at the 
post-lexical processing. For that reason, graphemic output buffer is identified as a significant 
and necessary module in the post-lexical process in alphabetic script.  
The abstract graphemic representation in the graphemic output buffer is sent to the proper 
graphomotor processes for both written and oral spelling in the form of ‘control unit’ which 
was suggested to be morpheme-sized unit (Badecker et al., 1990, p. 210) afterwards. The size 
and the nature of ‘control unit’ can be investigated through studying the graphemic output 
buffer in the post-lexical processing, while the basic unit is the smallest unit for the processing 
in the information processing model. The size and the nature of relevant units (both basic unit 
and ‘control unit’) are relatively clear in alphabetic script. However, the determination of the 
relevant units of graphemic processing in Chinese writing process is still unclear and 
controversial.  
Link and Caramazza (1994) investigated Mandarin (a dialect of Chinese) and fount that it 
presents serious challenges to the proposed model. Different from alphabetic scripts like 
Italian and English, Chinese characters have a non-linear spatial organization and an 
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inconsistent mapping of particular orthographic representation to phonemes. Link and 
Caramazza (1994) suggested that identifying the relevant processing units in Chinese writing 
is essential for investigating the general architecture of writing process.  
The building block and internal configuration of Chinese Characters 
Before investigating the writing of Chinese, an introduction to the Chinese writing system 
is indispensable. Unlike alphabetic script, Chinese is logographic in nature. For all Chinese 
characters, they are mono-syllabic with special internal configuration (a non-linear spatial 
organization) which is different from alphabetic scripts (Law, Yeung, Wong & Chiu, 2005). 
The word ‘logographeme’ (p. 68) which was coined by Law & Leung (2000) referred to 
logographs and grapheme for the representational unit in Chinese written production. 
Characters can be structurally analyzed into radicals (visual units which carry linguistic 
information, including sound and meaning), which are composed of logographemes, and 
which in turn are made up of individual strokes (the smallest visual units in writing).  
Using an irregular and inconsistent Chinese compound character ‘借’ (dze3, ‘to borrow’) 
as an example, ‘借’ is a character with left-to-right configuration. It can be divided into two 
radical orthographically, including the semantic radical ‘亻’ (radical with meaning related 
‘people’ but without sound) and the phonetic radical ‘昔’ (sek7, ‘past’). It consists one 
logographeme in the semantic radical, which are ‘亻’, and two logographemes in the phonetic 
radical which are ‘ ’ (pseudo-character without meaning and sound) and ‘日’ (jat9, ‘sun’). 
The logographemes are further composed by strokes. In the logographeme ‘日’, it composes 
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two kinds of strokes which are ‘丨’ and ‘一’; while for the logographeme ‘亻’, it also 
composes two kinds of strokes which are ‘丿’ and ‘丨’.  
Chinese characters can be divided to simple characters (e.g. 山 (san1, ‘hill’), 大 (dai6, 
‘big’) and 不 (bat7, ‘no’)) which cannot be decomposed into smaller units, and compound 
characters (e.g. 家 (ga1, ‘home’), 好 (hou2, ‘good’), 匪 (fei2, ‘thief’)and 圓 (jyn4, 
‘circle’) ) based on their combination of components. There are about 5-10% simple characters 
and 90-95% compound characters. The internal configuration of compound characters can be 
further divided into 4 subtypes, including up-and-down (家 (ga1, ‘home’)), left-to-right (好 
(hou2, ‘good’)), partial enclosing (匪 (fei2, ‘thief’)) and complete enclosing (圓 (jyn4, 
‘circle’)) configurations.  
Therefore, the logographemes in Chinese characters are not linearly organized (like 
alphabetic scripts). For example, spelling a English mono-morphemic word ‘jump’ requires 
the process of composition of four letters ‘j’, ‘u’, ‘m’ and ‘p’ with correct sequence. The 
position of the first letter (‘j’) to the last letter (‘p’) is linear in the word ‘jump’. In contrast, the 
Chinese compound characters (e.g. 躍 (yoek9, ‘jump’)) cannot be further posited linearly 
based on their writing sequence of logographemes or strokes. For example, 躍 (yoek9, 
‘jump’) consists 4 logographemes, including ‘足’, ‘习’, ‘习’ and ‘隹’ and the logographemes 
cannot be placed linearly in written production because they are position-specific in nature. 
There is an obvious difference between English (alphabetic script) and Chinese (logographic 
script) in the linearity in the organization of their basic unit of written output. Therefore, the 
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universal existence of the buffer-like component, its nature and its interaction with the lexical 
processing are worthy to be investigated so as to provide enrich to the current information 
processing model.  
Han, Zhang, Shu and Bi (2007) did a detailed analysis of the errors made by a dysgraphic 
patient, W. L. Z. as a result of brain damage, with selective graphemic output buffer 
impairment to investigate the post-lexical cognitive process in writing Chinese characters. In 
their study, logographemes were attributed to be the representational and processing unit in the 
graphemic output buffer in Chinese writing (Han et al, 2007). This was because the word 
length effect (increase of logographeme number of a character impairing the performance of 
delayed copying task) was found and a majority of the writing errors were logographeme-level 
errors (with 91% of errors). Han et al. (2007) named this buffering component in writing 
Chinese simplified characters ‘‘logographemes output buffer’’ (LOB) (p. 447). The case study 
of W. L. Z. done by Han et al. (2007) together with report from Badecker et al. (1990), appear 
to support the universal existence of the buffer-like component in both logographic and 
alphabetic scripts.  
 However, little is known about the basic unit and structural representation in LOB in 
Chinese written output developmentally. The present study attempted to generalize the 
information processing model to Chinese writing process. Also, the existence of the buffer 
component will be reviewed through delayed-copying task with more emphasis on the 
developmental changes of writing process in this significant buffer component. The interaction 
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between lexical and post-lexical processing and the relevant processing units across grades 
and across tasks in Chinese writing will be considered as well.  
Objective  
By adapting the model of spelling process from Caramazza et al. (1987) (Figure I) to Chinese 
written spelling, error analysis of data collected from delayed copying task and 
writing-to-dictation task of primary 1 to primary 4 students were done to answer two questions. 
Firstly, we would verify the hypothesis that the basic units in Chinese writing are 
logographemes. After identifying the basic unit, the functional architecture of the model in 
Chinese will also be investigated. Secondly, to verify the hypothesis, that there may be a 
developmental change of processing unit (from the smallest orthographical unit to a larger unit, 
and then to the largest orthographical unit). Since Chinese character can be structurally 
analyzed into a hierarchical structure radicals, which are composed of logographemes, and 
which in turn are made up of individual strokes. It is hypothesized that the development of 
writing across grades may follow a similar path.  
A delayed copying task (investigating word length effect) and a writing-to-dictation task 
(studying the developmental change of processing unit) were employed in the present study.  
In the writing-to-dictation task, error analysis was used to provide qualitative description of 
the students’ writing performance.  
Method  
Background of the existing data  
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A total of 2199 primary school students from grade one to grade six was recruited by the 
Aphasia, Dyslexia and Dysgraphia Laboratory, Division of Speech and Hearing Sciences, The 
University of Hong Kong. The students were randomly selected from 11 local primary schools 
in Hong Kong. The students were participated into two tasks, including delayed-copying task 
and writing-to-dictation task. All the tasks were done between June and July of 2008.  
Four standardized tests were administered in the screening process---Raven’s Standard 
Progressive Matrices (Raven, 1996) which assesses the non-verbal cognitive ability; the test of 
Visual-perceptual Skills Revised (Garden, 1995) which assesses the visual motor ability; the 
Hong Kong test of Specific Learning Difficulties in Reading and Writing (Ho, Chan, Tsang & 
Lee, 2000) and Hong Kong Graded Character Naming Test (Leung, Cheng-Lai & Kwan, 2008) 
which assess the reading ability. The screening process aims to ensure that the participants’ 
writing performance during the tasks should not be affected by their non-verbal cognitive 
ability, visual motor ability and reading ability.  
Task 1: Delayed copying task 
Participants 
All the participants of our study were selected from the set of data mentioned above. 
They were from three different primary schools (categorized as high performance, mid 
performance and low performance according to the schools’ performance in Chinese language 
basic competency in Territory-wide System Assessment in 2007). A total of 255 students were 
involved into part I of the study, including 75 from grade one, 75 from grade two, 75 from 
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grade three and 30 from grade four.  
Materials and procedures  
A delayed copying task with a full factorial design was administrated to the participants. 
The same set of stimuli was used for all four grades. The 40 pseudo-characters were 
categorized into 8 (2x2x2) categories, according to the stroke number (high (HS) and low 
(LS)), logographemes number (high (HL) and low (LL)) and radical frequency (high (HR) and 
low (LR)). Therefore, there were eight different categories of pseudo-characters with five 
pseudo-characters in each category (Table I).  
Table I. Examples of pseudo-characters for eight different categories 
HS LS 
HR LR HR LR 
HL LL HL LL HL LL HL LL 
         
The logographeme frequency and overall token frequency of logographeme of each 
radical were controlled across pseudo-characters. Since about 65% of Chinese characters 
learnt in primary are in left-right configuration (Chen, 1996), therefore, all the 
pseudo-characters are in this configuration. All the radicals from the task contain either two 
logographemes or three logographeme. This avoids the confounding role of the radicals, as 
some logographemes can function as radicals. As all the stimuli in the task are 
pseudo-characters, it serves to eliminate the effect of lexical factors in the investigation of 
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post-lexical processing in Chinese writing.  
Table II. Basic information of pseudo-characters used in the task 
Grades Grade 1to Grade 4 
Number of stroke  High: 18 (16-22) 
Mean (Range) Low: 13 (10-15) 
Number of logographeme High: 6 (3 in each radical) 
 Low: 4 (2 in each radical) 
Type frequency of radical  High: 6 (3-17) High: 9 (5-28) High: 12 (6-40) 
Mean (Range) Low: 1 (1-2) Low: 2 (1-4) Low: 3 (1-5) 
Task 2: Writing-to-dictation task 
Participants  
Similar to task 1, data from a total of 203 students, 70 grade one students, 65 grade two 
students and 68 grade three students, were selected from the existing data of the laboratory and 
took part in task 2.  
Materials and procedures 
In the writing-to-dictation task, there were 30 stimuli, including 6 simple characters and 
24 phonetic compound characters. The twenty-four phonetic compound characters represent 
twenty-four (3x2x2x2) categories, according to regularity (regular (R) and irregular (IR)), 
consistency (consistent (C) and inconsistent (IC)), character frequency (high (HF), mid (MF) 
and low (LF)) and homophone number (high (HH) and low (LH)). There was one phonetic 
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compound character in each category (Table VI). The logographemes used in the present study 
were chosen from the HKCPSC database (Leung, 2002).  
The mean number of logographeme of 24 phonetic compound characters was four. The 
mean number of stroke of six simple characters was five and all the simple characters were 
also logographemes. As the character frequency of a character changes across grades, the same 
set of stimuli was not applicable across grades. Therefore, there were 3 sets of stimuli for 3 
grades with a similar full factorial design.  
Table VI. Examples of phonetic compound characters in full factorial design in grade one 
R 
C IC 
HF MF LF HF MF LF 
HH HL HH HL HH HL HH HL HH HL HH HL 
植 球 橡 喝 值 渴 清 桌 撕 剛 拭 沾 
IR 
C IC 
HF MF LF HF MF LF 
HH HL HH HL HH HL HH HL HH HL HH HL 
詞 的 績 淨 積 練 給 站 精 堆 終 粒 
System for error analysis  
Error analysis was used for analyzing erroneous productions across grades. The error 
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patterns across grades not only figure out the relevant units in Chinese writing, but also 
provide insight about the developmental trend of the lexical and post-lexical processing by 
comparing the changes in different patterns of errors across grades. An error can be analyzed 
into different levels of the character according to the hierarchy mentioned below.  
Substitution of whole character by a homophone at the character level or a substitution, 
deletion, addition and transposition of logographeme/radical at the sub-character level would 
reflect the level of processing of the participants.  
Firstly, all the responses were classified into three types: correct response, no response 
and erroneous response. The erroneous responses were further categorized into two types 
according to whether or not the erroneous response was a real character. The real character 
erroneous responses were further divided into four sub-types: phonologically related response 
(which equals to the homophones with identical onset, rime and tone with the target), 
semantically related response, orthographically related response and uncategorizable response. 
For the non-character responses, they were further divided into five types according to the size 
of the miswritten orthographic units: stroke error, pure logographeme error, logographeme 
error corresponding to radical error (as some radicals confounding with logographeme 
visually), pure radical error and unrecognizable errors. Finally, all errors were classified as 
substitution, deletion, addition and transposition, after identifying the size of miswritten 
orthographic units in the non-character responses. Examples from all error subtypes were 
shown in Table VII. In this framework of error analysis, the error pattern of non-character 
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responses can provide insight about the output buffer in post-lexical processing. The 
miswritten orthographic units should also provide information about the representation in the 
output buffer.  
Table VII. Examples from all level of error subtypes made by the participants 
 Targets Responses 
Real character level   
phonologically related 終 (dzung1, ‘to end’) 中 (dzung1, ‘middle’) 
semantically related 桌 (tsoek8, ‘table’) 椅 (ji2, ‘chair’) 
orthographically related 由 (jau4, ‘from’) 曲 (kuk7, ‘curve’) 
uncategorizable  站 (dzam6, ‘to stand’) 集 (dzap9, to collect) 
Non-character level   
stroke error 渴 (hct8, ‘thirsty’)  (addition) 
pure logographeme error 剛 (gcng1, ‘just’)  (substitution) 
logographeme corresponding 
to radical error 
激 (gik7, ‘to excite’)  (substitution) 
pure radical error 終 (dzung1, ‘to end’)  (transposition) 
   unrecognizable error  淨 (dzing6, ‘clean’) (deletion) 
Results 
Task 1 
Error percentage across grades 
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The average numbers of incorrectly copied pseudo-characters across the four grades were 
calculated and the results were showed in Table III. This showed a progressive decrease in the 
number of incorrect response from grade one to grade four.  
Table III.  Average number of incorrectly copied pseudo-characters across four grades  
Grade Average number of wrongly copied pseudo-characters (standard deviation) 
1 21.96(6.05) 
2 15.65(6.59) 
3 10.10(5.80) 
4 6.90(3.68) 
A 4 x 2 x 2 x 2(Grades (grade 1vs. grade 2 vs. grade 3 vs. grade 4) x stroke number (high 
vs. low) x radical frequency (high vs. low) x logographeme number (high vs. low)) factorial 
analysis of variance (ANOVA) of repeated measures was performed. The between group factor 
is grade and the within group factors were stroke number, logographeme number and radical 
frequency with two levels each. It was done to identify whether there were any main effects 
from grade, stroke, logographeme, radical frequency and interaction effects between these 
variables. The dependent variable in the design was the total number of erroneous responses 
made by the students on each stimulus (totally 40 stimuli) from eight groups.  
Main Effect 
  The result showed a significant main effect of grade from grade one to grade four (F (3, 
16) = 31.54, p<0.0001) with grade four better than grade three, grade three better than grade 
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two, grade two better than grade one (according to post hoc test, Fisher LSD test).  
The result also showed a significant main effect of radical frequency (F (1, 16) = 156.94, 
p < 0.0001), with high radical frequency better than low radical frequency. Significant main 
effect of logographeme number was also found (F (1, 16) = 22.55, p< 0.0001), with low 
logographeme number better than high logographeme number. However, no significant main 
effect of stroke number was found (F (1, 16) = 0.04, p=0.84). The results of main effects were 
shown in Table IV.  
Table IV. Main effects of grade, stroke number, logographeme number and radical frequency  
Main effect p value 
Grade p<0.01* 
Stroke Number p=0.836 
Logographeme Number  p<0.01* 
Radical Frequency p<0.01* 
(* = Statistically significant) 
Interaction Effect 
Grade x Radical Frequency and Grade x Logographeme number 
 Significant interaction effect between grade and radical frequency was found (F (3, 16) = 
7.44, p < 0.01). Post hoc tests (Fisher LSD test) demonstrated a significant radical frequency 
effect at all level across grade one (p<0.0001), grade two (p<0.0001), grade three (p<0.0001) 
and grade four (p<0.05).  
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Although the interaction effect between grade and logographeme number was not 
significant statistically (F (3, 16) = 1.65, p > 0.05), post hoc test (Fisher LSD test) showed a 
significant logographeme number effect (with the increase of logographeme number of the 
stimuli, the number of erroneous response increases) at the level of grade one (p<0.01), grade 
two (p<0.05) and grade three (p<0.01), but not in grade four (p>0.05).  
Stroke number x Logographeme number and Logographeme number x Radical Frequency 
 It was found that there was a significant interaction effect between stroke number and 
logographeme number (F (1, 16) = 10.24, p < 0.01). According to the result from post hoc test 
(Fisher LSD test), a significant logographeme number effect was found at both level of stroke 
number (p<0.0001 for high stroke number and p<0.05 for low stroke number). No significant 
interaction effect between logographeme number and radical frequency was found (F (1, 16) = 
0.19, p = 0.726).  
Grade x Stroke number x Logographeme number 
 As there was a significant interaction effect between stroke number and logographeme 
number, the interaction effect between grade, stroke number and logographeme number was 
further investigated. The post hoc test (Fisher LSD test) showed that a significant stroke effect 
was found at the level of high logographeme number in grade one only (p<0.05). On the other 
hand, significant logographeme effects were found at some levels across grades (including the 
level of high and low stroke number in grade one, high stroke number in grade two, high 
stroke number in grade three). The results were summarized in Table V.  
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Table V. The logographeme effects found in the interaction between grade, stroke number and 
logographeme number across grades  
 Grade one  Grade two Grade three Grade four 
High stroke number p<0.001* p<0.01* p<0.001* p>0.05 
Low stroke number p<0.01* p>0.05 p>0.05 p>0.05 
(* = Statistically significant) 
Task 2 
Error percentage across grades 
The average numbers of incorrectly produced response of each student across the three 
grades were calculated and the results were showed in Table VIII.  
Table VIII.  Average number of incorrectly produced response across three grades  
Grade Average number of incorrectly produced response (standard deviation) 
1 15.38(5.69) 
2 15.28(6.14) 
3 12.36(5.58) 
A 2 x 2 x 2 (regularity (regular vs. irregular) x consistency (consistent vs. inconsistent) x 
homophone number (high vs. low)) factorial analysis of variance (ANOVA) of repeated 
measure were performed. The within group factors were regularity, consistency and 
homophone number with two levels each. It was done to identify whether there were any main 
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effects from regularity, consistency and homophone number and interaction effects between 
these variables across grades. The dependent variable in the design was the total number of 
erroneous response made by the students in each group of stimuli (totally eight groups with 
twenty-four stimuli).  
Main Effect 
  In grade one, the result showed that there were main effects of regularity (F (1, 69) = 
24.75, p<0.01), with irregular better than regular, and consistency (F (1, 69) =18.56, p<0.01), 
with consistent better than inconsistent. In grade two, the result showed that there were main 
effects of consistency (F (1, 64) = 10.19, p<0.01), with inconsistent better than consistent, and 
homophone number (F (1, 64) =40.50, p<0.01), with low homophone number better than high 
homophone number. In grade three, the result showed that there were main effects of 
regularity (F (1, 67) = 45.80, p<0.01), with irregular better than regular, and homophone 
number (F (1, 67) = 5.12, p<0.05), with low homophone number better than high homophone 
number. The results were summarized as Table IX.  
Table IX. Main effects of regularity, consistency and homophone number across grades 
 Grade one Grade two Grade three 
Main effect    
Regularity * *  
Consistency *  * 
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Results from Error Analysis 
Error analysis showed that majority of errors occurred in the linguistic level of 
homophone substitution and at the orthographical levels of logographeme and radical. It was 
found that homophone substitution, radical substitution and logographeme substitution were 
the three most prominent error types across the three grades. The distribution of errors at real 
character level and non-character level across grades was showed in Figure II. The distribution 
of error subtypes at non-character level was showed in Figure III. There was progressive 
increase in real character erroneous response from grade one to grade three. According to the 
Figure III, it was also showed a progressive increase of errors in radical level and a 
progressive decrease of errors in stroke level and logographeme level from grade one to grade 
three.  
Figure II. Distribution of errors at real character and non-character level across grades 
Figure 
III. 
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Distribution of errors subtypes in non-character level across grades 
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Discussion 
The basic unit and the universal output buffer in the model of cognitive process 
The present study aimed at identifying the basic unit of Chinese writing. Although oral 
spelling is impossible in Chinese, it does not mean that a buffer-like component is not 
necessary for Chinese written spelling (Han et al., 2007). The results from task 1 focused on 
the post-lexical processing in written spelling process and no significant main effect was found 
on stroke number in all grades. On the contrary, significant radical frequency effect, with high 
frequency better than low frequency across all grades, was found and significant 
logographeme number effect, with low logographeme number better than high logographeme 
number, were found from grade one to grade three, indicating word length effect (measured by 
logographeme number). The reason for the absence of logographeme effect in grade four may 
be attributed to the ceiling effect. As grade four students made fewer errors in the task (the 
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average number of errors made by grade four students was 6.90 only), the logographeme effect 
may not be strong enough to be shown statistically.  
The main effects indicated that radical and logographeme existed as processing units in 
Chinese writing across primary grades. While all the radicals in the delayed copying task were 
composed by either two or three logographemes, this eliminated the overlap between radicals 
and logographemes in orthographic representation. The results supported that logographemes 
are the basic units in writing Chinese character. The finding agreed with the argument from 
Han et al. (2007) that the buffer-like component in Chinese was coined as ‘logographeme 
output buffer’ since the basic units are logographemes. The finding also agreed with the 
existence of a universal out buffer in written spelling in both Chinese and alphabetic scripts.  
The developmental trend of the processing unit across grades  
 From the post-hoc analysis of task 1, stroke number effect could be found in grade one at 
the level of high logographeme number. This might indicate that grade one students used 
stroke as a processing unit in writing when a character with high logographeme number was 
presented. Post-hoc analyses also showed that the significant main effect of logographeme 
number could be attributed to high stroke number from grade one to grade four and low stroke 
number from grade one. This suggested that grade two to grade four students tended to use 
logographemes as processing units once stoke number increased. These findings appeared to 
provide support to the claim that a developmental change of orthographic representation from 
the smallest orthographical unit (stroke) to a basic unit (logographeme), and then to a larger 
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orthographical unit (radical) as one moves up the grade.  
Moreover, error subtypes at non-character level was also considered in the analysis of 
error collected through task 2. The percentage of error of different subtypes of non-character 
errors indicated that larger orthographical units (radicals) showed a higher percentage of errors 
as the grade increases. Besides, the error occurred at stroke level showed a progressive 
decrease across grades. The percentage of errors of radical level and stroke level were 30% 
and 24% respectively for grade one, 37% and 17% respectively for grade two and 53% and 
14% respectively for grade three. It appears that, the smallest orthographic unit becomes less 
dominant in post-lexical processing as one move up the grades. Using examples from error 
analysis to illustrate, grade one students may wrongly produce ‘值’ (dzik9, ‘to shift’) as ‘ ’ 
(non-words, without sound and meaning), a stroke deletion error, but grade three students may 
wrongly produce ‘值’ as ‘ ’ (non-words, without sound and meaning), a radical substitution. 
To summarize, the result of task 1 and task 2 are consistent at the point of a hierarchical 
orthographic representation in buffer-like component during post-lexical processing.  
The interaction between lexical and post-lexical processing in Chinese writing across grades 
 Another issue that the present study aimed at investigating was the developmental trend 
of lexical processing and post-lexical processing in Chinese writing and their interaction. 
Results from task 1 may not be able to address directly to the questions as the 
pseudo-characters were employed in delayed copying task, the lexical-semantic factors (e.g. 
grammatical class, frequency) were minimized. Although the radical frequency was also used 
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as an independent variable, radicals do carry linguistic information sometimes. Therefore, 
further elucidation is needed to confirm the radicals’ role in Chinese writing.  
In task 2, the result of statistical analysis showed that there was a notable difference on 
the effect of homophone number across grades. In Chinese writing-to-dictation task, 
homophone errors are easily made, as there was large amount of homophones for different 
characters. Consequently, a competition between the target and its homophones occurred at the 
level of phonological lexicon. This may cause an incorrect retrieval of the orthographic 
representation of the target thus resulting in a homophone substitution error at character level. 
A statistically significant main effect of homophone number was found, with low homophone 
number better than high homophone number, in both grade two and grade three. However, no 
significant main effect of homophone number was found in grade one. This showed that grade 
one students’ writing performance appeared not to be affected by homophone number. As their 
exposure to written character is still limited, the competition between the target and its 
homophones is not strong enough to result in an erroneous response. In grade two and grade 
three, the writing performance of characters with low homophone number was significantly 
better than those with high homophone number due to less competition between the target and 
its homophones for characters with low homophone number. For example, grade two and 
grade three students tended to produce ‘撕’ (si1, ‘to rip’) as ‘師’ (si1, ‘teacher’), ‘司’ (si1, 
‘company’)or ‘斯’ (si1, ‘gentle’) but grade one student frequently produced no response for 
this target. This illustrated a developmental trend of lexical processing for students from grade 
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one and grade three.  
 From the error analysis, the percentage of error that occurred at different subtypes and 
level could provide information about the lexical and post-lexical processing across grades. 
The erroneous responses at real character level were the result of lexical processing. As a real 
character was produced, the response should be affected by lexical factors (e.g. homophone 
number and character frequency) resulting an incorrect retrieval of lexical representation from 
the lexicon during the lexical processing. On the other hand, the erroneous responses at 
non-character level were the result of post-lexical processing, because a non-character 
response was produced by substitution, deletion, addition or transposition of visual motor unit 
(including strokes, logographemes and radicals). The results showed there was a progressive 
increase of errors at character level and progressive decrease of errors at non-character level. 
This showed the interaction between lexical and post-lexical processing was that the role of 
lexical processing becomes more significant with the grade increases. As students accumulated 
more exposure and experience on writing, their writing performance is more likely to be 
affected by the lexical factors. In contrast, the role of post-lexical processing becomes less 
significant with they move up the grades.  
 To conclude, based on the data collected through delayed copying and 
writing-to-dictation of primary school students from grade one to grade four, There are 
evidence to support the universality of an buffer component and the basic units of Chinese 
writing are logographemes. An orthographic representation hierarchy was also found in the 
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functional architecture of the writing process.  
Clinical Implications 
Through investigating the developmental trends and writing errors in writing 
development of school-aged students, the writing performance across grades was recorded. 
From the pedagogical perspective, performance of children can be compared with the normal 
developmental trend and recommendation and remedial program for a student with writing 
difficulties can be planned based on the developmental trend and the performance of the 
student. Educational programme on writing for normal children can be designed making 
reference to the normal developmental trend.  
It is recommended that the primary school Chinese teachers should learn more about the 
knowledge of logographemes and the lexical-factor which may affect writing performance. 
Through error analysis of students’ written output, they will be able to identify students who 
are at risk of having writing difficulties. Last but not least, the study also found that the roles 
of lexical and post-lexical processing are changing according to grades. For junior students, 
post-lexical processing appears to be more critical; for senior students, lexical processing 
appears to be in a more dominant role. This may throw some light on the direction of 
educational program in Chinese writing learning for school-aged children in Hong Kong.  
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